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Description 

This invention is related to US-A-4 888 662 pub- 
lished 19,12,89 (EP-A2-403256 published 19,12,90) 
for HIGH PRESSURE PACKAGE FOR PRESSURE 
TRANSDUCERS of Robert P. Bishop. 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

This invention relates to a packaging technique 
for pressure transducers and, more specifically, to 
such packaging for pressure transducers capable of 
measuring high pressures in the range of up to about 
35 Megapascals (5000 psi). 

BRIEF DESCRIPTION OF THE PRIOR ART 

Pressure sensors containing pressure transduc- 
ers are well known, typical such systems being de- 
scribed in U.S Letters Patent Nos. 4,716,492 and 
4,774,626. 

Pressure transducers of the prior art have gener- 
ally been fabricated by providing a pressure sensing 
module including an electronic circuit having a vari- 
able capacitor responsive to fluid pressure. The elec- 
tronic circuit sensed the capacitance of the capacitor 
and provided an output through a plastic electrical 
connector indicative of the sensed pressure. The 
transducer elements were arranged such that a metal 
cup assembly having an opening or fluid pressure in- 
let at one end thereof to receive the fluid under pres- 
sure to be measured also included therein the pres- 
sure sensing module. The pressure sensing module 
was spaced from the inlet by a gasket or O-ring, the 
electronic circuit and connector also being contained 
within the metal cup. The parts were held together 
within the metal cup by crimping the metal cup over 
the plastic connector, the latter being used as a sup- 
port member. 

The above described pressure transducer provid- 
ed highly satisfactory results when operated in the 
low to moderate pressure ranges of up to 3.5 to 4.2 
Megapascals (500 to 600 psi). However, when sub- 
jected to pressures at the pressure inlet in the range 
of about 21 to 35 Megapascals (3000 to 5000 psi) and 
up, the above described pressure transducers tended 
to fail. There were several points of failure, these be- 
ing mainly from the inability of the plastic connector 
to support the high pressures to which it was being 
subjected. More specifically, the crimp at the metal 
cup was unable to retain the electrical connector 
crimped thereunder with the result that the connector 
was moved out of the cup and caused a failure of the 
transducer. A further point of failure was the plastic 
connector itself which tended to shear or compress 
and release the gasket or O-ring under the high pres- 



sure and release the fluid under pressure from the in- 
terior of the pressure transducer. It is therefore clear 
that the prior art pressure transducer of the type de- 
scribed hereinabove was incapable of reliable opera- 

5 tion in a high pressure environment. 

The above described problem of the prior art was 
materially improved in accordance with the packag- 
ing techniques described in the above mentioned US- 
A-4 888 662 wherein the pressure sensing element is 

10 isolated from the connector by being disposed in all 
metal surrounded cavity whereby the plastic connec- 
tor is separated from the pressure transducer element 
and is not bearing the loads produced by the high 
pressure fluid. This is accomplished by a metal merrv 

15 ber disposed between the pressure sensing element 
and the plastic connector whereby the high pressures 
encountered by the pressure transducer are never 
applied to the plastic connector. However, though the 
pressure transducers of this application provide high- 

20 ly satisfactory results, there remains the problem that 
the internal pressures within the transducer are equal 
to the applied high pressure to be measured. This 
places all structural members of the package as well 
as the seal mechanism in a highly stressed state. It 

25 is therefore apparent that any diminution of the 
stresses applied within the package will result in im- 
proved transducer life and will materially relieve those 
problems caused by such internal stresses which 
have previously been minimized by costly design 

30 measures. 

On pages 194-195 of the book "Piezoelektrische 
Me&technik" by Tichy and Gautschi published by 
Springer- Verlag in 1980 there is disclosed a pressure 
sensor for measuring the pressure of a viscous poly- 

35 mer during an injection moulding operation. The sen- 
sor has a housing having a recess within which, 
mounted on a stub, is a piezoelectric element. Aforce 
derived from the pressure of the polymer is applied to 
the piezoelectric element via a steel block which fits 

40 on the housing having at one end a tubular part in 
which is received the stub and the piezoelectric ele- 
ment The other end of the steel block is flush with the 
opening of recess in the housing. Around the block 
there is a small gap between the steel block and the 

45 housing through which the very viscous polymer 
does not penetrate significantly during the short dur- 
ation of the moulding operation. 

At pages 61-62 of the book Technische Druck- 
und Kraftmessung" edited by Prof. Dr.-lng. K.W. Bon- 

50 fig and published by Expert Verlag in 1988, there is 
disclosed a pressure sensor having a housing having 
a recess within which there are, mounted on a stub, 
two piezoelectric elements separated by a rigid mass. 
Aforce, presumably derived from a fluid under pres- 

55 sure, is transmitted to the piezoelectric elements via 
a block which has at one end a tubular part containing 
the stub, piezoelectric elements and rigid mass. The 
tubular part of the block fits on to the housing. The 
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other end of the block is flush with the opening of the 
recess in the housing and there is a gap around the 
block between the block and the housing. 

In Figure 4 of the European Patent Application 
that was published under the number 0,145,146 
there is disclosed a pressure sensor having a housing 
having a recess and a first membrane mounted 
across the opening of the recess. The first membrane 
is displaced in response to the pressure of a fluid. The 
force is transmitted from the first membrane to a sec- 
ond membrane via a push rod. On the surface of the 
second membrane is mounted a strain gauge for giv- 
ing an indication of the pressure of the fluid. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, the 
above described problem of the prior art is materially 
minimized and there is provided a high pressure 
transducer package wherein the pressures and 
stresses encountered within the package interior are 
substantially lower than those encountered in the 
above described prior art. 

According to the present invention there is pro- 
vided a pressure transducer comprising: 

a housing having a high pressure fluid inlet, 

a pressure sensing element disposed within 
said housing, and 

a piston disposed in said fluid inlet and being 
sealingly, slidably movable therein in response to flu- 
id pressure in said inlet to cause a force or a pressure 
to be applied to said pressure sensing element 

said piston serving to isolate said pressure 
sensing element from the fluid in said inlet. 

In a first embodiment of the invention, there is 
provided a piston or transfer pin in the fluid inlet 
wherein the total inlet pressure is applied against one 
end of the pin. The other end of the pin impinges 
against the pressure sensing element to transfer the 
pressure of the inlet fluid thereto. However, since the 
inlet fluid does not reach the interior of the package, 
no pressure or stress therefrom is applied to the pack- 
age or sealing elements within the package. The ge- 
ometry is such that lower forces are transmitted 
throughout the package by the sensing element. 

In accordance with a second embodiment of the 
invention, again, a piston or transfer pin is placed in 
the fluid inlet whereby the inlet fluid impinges against 
one end thereof. This pressure is transferred to the 
pressure transducer either as in the first embodiment 
or via a liquid disposed between the opposing end of 
the piston and the pressure transducer. In addition, 
the piston in this embodiment has a larger diameter 
at the end thereof contacting either the pressure 
transducer or the liquid than it has at the end thereof 
contacting the inlet fluid. This causes a reduction in 
the pressure within the package and in the pressure 
applied to the pressure transducer since the latter 



pressure is applied over a larger area. The liquid pro- 
vides for uniform application of the pressure from the 
piston to the pressure transducer along the entire 

5 area of contact therewith. 

In accordance with a third embodiment of the in- 
vention, a constant diameter piston or transfer pin is 
placed in the fluid inlet with inlet fluid impinging on 
one end thereof. The other end of the piston is posi- 

w tioned against a diaphragm having a substantially 
larger surface area than either end of the piston. A sil- 
icone gel, elastomer or other flowable material which 
is unaffected by the pressures involved is positioned 
between the diaphragm and the pressure transducer 

15 and retained thereat by a back-up ring or seal which 
forms an enclosure with the diaphragm and the pres- 
sure transducer. In this manner, the pressures en- 
countered within the package are materially lower 
than the pressure at the package inlet, the flowable 

20 material providing for uniform application of the pres- 
sure from the diaphragm along the entire area there- 
of. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

FIGURE 1 is a cross sectional view of a high pres- 
sure transducer package in accordance with the 
above noted US-A-4 888 662; 
FIGURE 2 is a cross sectional view of a high pres- 

30 sure transducer package in accordance with a 
first embodiment of the present invention; 
FIGURE 3 is a cross sectional view of a high pres- 
sure transducer package in accordance with a 
second embodiment of the present invention; and 

35 FIGURE 4 is a cross sectional view of a high pres- 

sure transducer package in accordance with a 
third embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
40 EMBODIMENTS 

Referring first to FIGURE 1 , there is shown a high 
pressure transducer package 1 in accordance with 
one embodiment of the above noted application. The 

45 package includes an outer metal can or cap 3 having 
a pressure inlet 5 at one surface thereof and a pres- 
sure sensing module 7 within the can separated from 
the inlet by a rigid back-up ring 33 and a less rigid O- 
ring 9 to prevent the O-ring from movement between 

so the sensing element 7 and the can 3. Electronic cir- 
cuitry 11 is positioned in contact with the module 7 
and is otherwise surrounded by a plastic electrical 
connector 13 having a flange portion 15 over which 
the can 3 is crimped. An environmental sealant 17 is 

55 positioned at the junction of the can 3 and the con- 
nector 13 to prevent contaminants from travelling be- 
tween the can and connector to the electronic circui- 
try 11. Three terminals 23, 24 and one not shown ex- 
tend outwardly at the rear of the connector and are 
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connected to the electronic circuitry to provide an out- 
put therefrom. The pressure sensing module 7 is com- 
posed of a pair of ceramic layers 1 9 and 21 which are 
spaced from each other, each layer having an electri- 5 
cally conductive coating thereon on opposing surfac- 
es to form a capacitor. The layer 1 9 receives the force 
of fluid entering the pressure inlet 5 thereon and, op- 
erating as a diaphragm, varies the distance between 
electrically conductive coatings forming the capacitor 10 
to vary the capacitance of the capacitor as a function 
of applied pressure. A support ring 31, capable of 
withstanding pressures in the range of up to about 35 
Megapascals (5000 psi) is disposed between the 
pressure sensing module 7 and the electrical conneo 1 5 
tor 1 3 to isolate the electrical connector and the elec- 
tronic circuitry 11 from the high pressure applied at 
the pressure inlet 5. The can 3 is crimped over both 
the support ring 31 as well as the flange 15 of the 
connector 13. 20 

Referring now to FIGURE 2, there is shown a first 
embodiment of a system in accordance with the pres- 
ent invention for minimizing the pressures encoun- 
tered at the interior of the transducer package, in all 
instances herein, like numbers represent the same or 25 
similar elements. Accordingly, as can be seen with re- 
spect to FIGURE 2, the transducer package is identi- 
cal to that of FIGURE 1 except that there is provided 
a piston or transfer pin 35 in the fluid inlet 5 wherein 
the total inlet pressure is applied against one end of 30 
the pin. The other end of the pin 35 impinges against 
the pressure sensing element 19 to transfer the pres- 
sure in the inlet fluid thereto. The transfer pin 35 may 
include two or more sets of grooves in which are posi- 
tioned O-rings 37 with or without back-up rings to seal 35 
the interior of the package from the fluid inlet 5. As an 
alternative, not shown, a vent to the package exterior 
can be provided in place of the O-rings 37 or in addi- 
tion thereto to vent inlet fluid which bypasses the ex- 
terior surface of the piston 35 from entering the pack- 40 
age interior. However, since the inlet fluid does not 
reach the interior of the package, no pressure or 
stress therefrom is applied to the package or sealing 
elements within the package. The stresses applied to 
the package elements are reduced and result only 45 
from the force applied by the piston or transfer pin on 
the pressure sensing element. If desired, the space 
between the piston 35 and the layer 19 can be filled 
with a fluid to provide lubrication and thereby reduce 
hysteresis. 50 

With reference to FIGURE 3, there is shown a 
second embodiment of the invention, wherein, again, 
a piston or transfer pin 41 is placed in the fluid inlet 5 
whereby the inlet fluid impinges against one end 
thereof. This pressure is transferred to the pressure 55 
transducer layer 19 either as in the first embodiment 
or via a liquid 43 disposed in a pressure cavity be- 
tween the opposing end of the piston 41 and the pres- 
sure transducer layer 19. In addition, the piston 41 in 



this embodiment has a larger diameter portion 45 at 
the end thereof contacting either the pressure trans- 
ducer layer 19 or the liquid 43 than at the end 47 con- 
tacting the inlet fluid. This causes a reduction in the 
pressure applied to the pressure transducer since the 
pressure is applied over a larger area. The liquid pro- 
vides for uniform application of the pressure from the 
piston to the pressure transducer along the entire 
area of contact therewith. As can be seen in FIGURE 
3, O-rings 49 with or without back-up rings are pro- 
vided in grooves in the piston 51 as in the embodi- 
ment of FIGURE 2 for the same reason. 

With reference to FIGURE 4, there is shown a 
third embodiment of the invention wherein a constant 
diameter piston or transfer pin 51 is placed in the fluid 
inlet 5 with inlet fluid impinging on one end thereof. 
The other end of the piston is placed against a thin 
metal diaphragm 53 having a substantially larger sur- 
face area than either end of the piston. A silicone gel, 
elastomer or other flowable material 55 which is un- 
affected by the pressures involved is positioned be- 
tween the diaphragm 53 and the pressure transducer 
layer 19 and is maintained between the diaphragm 
and the layer 1 9 by a back-up ring 59 of rigid material, 
such as, for example, polytetraf luoroethylene or of a 
non-rigid seal material. In this manner, the pressures 
encountered within the package 1 are materially low- 
er than the pressure at the package inlet, the flow- 
able material 55 providing for uniform application of 
the pressure from the diaphragm 53 along the entire 
area thereof. Again, one or more O-rings 57 are pro- 
vided for the same reasons as discussed above with 
reference to FIGURES 2 and 3. 



Claims 

1 . A pressure transducer comprising: 

a housing (3) having a high pressure fluid 
inlet (5), 

a pressure sensing element (7) disposed 
within said housing, and 

a piston (35, 45, 51) disposed in said fluid 
inlet (5) and being sealingly (27, 49, 51), slidably 
movable therein in response to fluid pressure in 
said inlet to cause a force or a pressure to be ap- 
plied to said pressure sensing element (7) 

said piston serving to isolate said pressure 
sensing element from the fluid in said inlet (5). 

2. A pressure transducer as set forth in claim 1 
wherein said piston (35) includes at least one an- 
nular groove on the surface thereof coaxial with 
the axis of said piston and either an O-ring (35, 
49 or 57) or an O-ring and a back-up ring dis- 
posed in said groove to act as a seal. 

3. A pressure transducer as set forth in claim 1 or 2 
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wherein the area of the surface of said piston 
communicating with the entrance to said fluid in- 
let is smaller than the area of the surface of said 
piston remote from said fluid inlet. 

4. A pressure transducer as set forth in claim 3 fur- 
ther including a liquid pressure transferring me- 
dium (43) disposed between said pressure sens- 
ing element and said surface of said piston re- 
mote from said fluid inlet 

5. A pressure transducer as set forth in claim 1 or 2 
further including a diaphragm (53) abutting the 
surface of said piston remote from the entrance 
to said fluid inlet and a liquid pressure transfer- 
ring medium (55) disposed between said dia- 
phragm and said pressure sensing element. 

6. A pressure transducer as set forth in claim 5 
wherein said pressure transferring medium (55) 
is a silicone gel or an elastomer. 

7. A pressure transducer as set forth in claim 5 or 6 
further including either a back-up ring or a seal 
(59) disposed between said diaphragm (53) and 
said pressure sensing element (7) so as to con- 
tain said pressure transferring medium in a pre- 
determined enclosure within a region defined by 
said back-up ring or seal, said pressure sensing 
element and said diaphragm. 



Patentanspruche 

1. Druckwandler, enthaltend: 

ein Gehause (3) mit einem Hochdruckf luideinlaB 
(5), 

einem innerhalb des Gehduses angeordneten 
Druckerfassungselement (7), sowie 
einen Kolben (35, 45, 51), der in dem FluideinlaB 
(5) angeordnet ist und darin in Reaktion auf Flu- 
iddruck in dem EinlaB dichtend (27, 49, 51), glei- 
tend beweglich ist, urn zu veranlassen, daft eine 
Kraft Oder ein Druck auf das Druckerfassungs- 
element (7) aufgebracht wind, 
wobei der Kolben dazu dient, das Druckerfas- 
sungselement von dem Fluid in dem EinlaB (5) zu 
isolieren. 

2. Druckwandler nach Anspruch 1 , bei dem der Kol- 
ben (35) an der Oberf lache wenigstens eine ring- 
f5rmige, zu der Achse des Kolbens koaxiale Nut 
sowie einen O-Ring (35, 49 Oder 57) und einen 
Stutzring aufweist, die in der Nut angeordnet 
sind, urn als Dichtung zu dienen. 

3. Druckwandler nach Anspruch 1 Oder 2, bei wel- 
chem der Inhalt der Flache des mit dem Eingang 



zu dem FluideinlaB in Verbindung stehenden Kol- 
bens kleiner als der Inhalt der von dem Fluidein- 
laB entfernten Fl§che des Kolbens ist. 

5 

4. Druckwandler nach Anspruch 3, der ferner ein 
Flussigkeitsdruckubertragungsmedium (43) urn- 
fa&t, das zwischen dem Druckerfassungsele- 
ment und der von dem FluideinlaB entfernten Fla- 

10 che des Kolbens angeordnet ist. 

5. Druckwandler nach Anspruch 1 0der 2, derferner 
eine an die von dem Eingang zu dem FluideinlaB 
entfernten FISche des Kobens angrenzende 

15 Membran (53) sowie ein Flussigkeitsubertra- 

gungsmedium (55) umfaBt das zwischen der 
Membran und dem Druckerfassungselement an- 
geordnet ist. 

20 6. Druckwandler nach Anspruch 5, bei dem das 
Druckubertragungsmedium (55) ein Silikongel 
oder ein Elastomer ist 

7. Druckwandler nach Anspruch 5 oder 6, derferner 
25 entweder einen Stutzring oder eine Dichtung (59) 
umfaBt, die zwischen der Membran (53) und dem 
Druckerfassungselement (7) angeordnet ist so 
daB das Druckubertragungsmedium in vorbe- 
stimmtem EinschluB innerhalb eines durch den 
30 Stutzring oder die Dichtung, das Druckerfas- 
sungselement und die Membran gebildeten Be- 
reichs eingeschlossen ist 



35 Revendications 

1 . Transducteur de pression comprenant : 

- un boTtier (3) ayant une entree de fluide d 
haute pression (5) ; 

40 - un 6l6ment capteur de pression (7) dispose 

dans ledit boftier ; et 

- un piston (35, 45, 51) dispose dans iadite 
entree de fluide (5) et qui est mont6 pour 
coulisser £ joint 6tanche (27, 49, 51) dans 

45 cette entree en r6ponse & une pression de 

fluide regnant dans Iadite entree pour pro- 
voquer ('application d'une force ou d'une 
pression audit 6l6ment sensible d la pres- 
sion (7) ; 

so - ledit piston servant & isoler ledit 6l6ment 

sensible & la pression du fluide contenu 
dans Iadite entree (5). 

2. Transducteur de pression selon la revendication 
55 1 , dans lequel ledit piston (35) pr6sente au moins 

une gorge annulaire sur sa surface coaxiale a 
I'axe dudit piston, et soit une bague torique (35, 
49 ou 57), soit une bague torique et une bague 
d'appui disposes dans Iadite gorge pour jouer le 
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rdle d'un joint d'6tanch6it6. 

3. Transducteur de pression selon la revendication 

1 ou 2, dans lequel Paire de la surface dudit piston 5 
qui communique avec I'orifice donnant dans ladi- 
te entr6e de fluide est plus petite que I'aire de la 
surface dudit piston qui est 6loign6e de ladite en- 
tr6e de fluide. 

10 

4. Transducteur de pression selon la revendication 
3 ( comprenant en outre un milieu liquide de trans- 
mission de la pression (43) dispose entre ledit 
6l6ment sensible d la pression et ladite surface 
dudit piston qui est distante de ladite entree de is 
fluide. 

5. Transducteur de pression selon la revendication 
1 ou 2, comprenant en outre un diaphragme (53) 

qui bute contre la surface dudit piston qui est 6loi- 20 
gn6e de I'orifice d'entr6e donnant dans ladite en- 
tree de fluide, et un milieu liquide (55) de trans- 
mission de la pression interpos6 entre ledit dia- 
phragme et ledit 6l6ment sensible & la pression. 

25 

6. Transducteur de pression selon la revendication 
5, dans lequel ledit milieu (55) de transmission de 
la pression est un gel de silicone ou un 6lastom6- 
re. 

30 

7. Transducteur de pression selon la revendication 
5 ou 6, comprenant en outre, soit une bague d'ap- 
pui t soit un 6l6ment d'6tanch6it6 (59) dispose en- 
tre ledit diaphragme (53) et ledit 6l6ment sensible 

k la pression (7) de manfere a contenir ledit milieu 35 
de transmission de la pression dans une enceinte 
ferm6e pr6d£termin6e, dans une region d6f inie 
par ladite bague d'appui ou ledit 6l6ment d'6tan- 
ch6it6, ledit 6l6ment sensible d la pression et ledit 
diaphragme. 40 
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